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ABSTRACT 



The objective of this research was to develop and 
evaluate methods for producing training programs and job supports for 
Signal Corps Electronic Repairmen. The rationale for this study was: 

(1) identification of specific tasks is vital to effective training, 

(2) the decision-making function is critical, (3) it is possible to 
construct job aids and training which will allow the repairman to 
rely primarily on the decision-making mechanism of identification, 
and (14) troubleshooting information can be separated for storage in a 
job aid or in the individual. An analysis of existing electronic 
communication equipment was conducted, then the information was 
placed in job aids and used to develop a training program. The course 
was developed for 420 academic hours as compared to the standard of 
856 hours for the conventional course. After 22 hours of testing over 
a 6-day period, it was concluded that there was no significant 
difference between the two groups and that the training and job aids 
provide an effective program method. (GEB) 
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FOREWORD 



The objective of the research described in this report was to develop and test a 
method for building training programs and their job supports for Signal Corps Electronics 
Repiiirmen. The work was done under JOBTRAIN IV, the final sub-unit of HumRRO 
Work Unit JOBTRAIN, in which an experimental training program for the 294.1 Carrier 
Equipment Repairman was developed, conducted, and tested. Other publications of 
JOBTRAIN are a series of Research Memoranda on The Development of Training 
Programs for First Enlistment Personnel in Electronics Maintenance MOS’s. These 
memoranda are I. How to Define Training Objectives, July 1960; II. How to Analyze 
Performance Objectives to Determine Training Content, January 1960; III. How to Design 
the Handbook Materials, February 1960; and IV. Hov> to Design Training Methods and 
Materials, February 1960. 

The JOBTRAIN research IV was conducted in 1962 by HumRRO Division No. 1 
(System Operations). A summary reporting of JOBTRAIN research was included in 
HumRRO Technical Report 66-23, A Description and Analytic Discussion of Ten New 
Concepts for Electronic Maintenance, by Edgar L. Shriver and Robert C. Trexler. Because 
electronics maintenance continues to be an important problem area, the present report, 
Development of a Training Program and Job Aids for Maintenance of Electronic Com- 
munication Equipment, is being published to document the research on the JOBTRAIN 
concept of maintenance training and job aids. 

JOBTRAIN research was initiated by Dr. Arthur J. Hoehn while Dr. William A. 
McClelland was the Director of Division No. 1. Succeeding Work Unit Leaders were Mr. 
Richard Gebhard, Dr. Robert Vineberg, and Dr. Edgar L. Shriver. Dr. Hoehn succeeded 
Dr. McClelland as Director of the Division and Dr. J. Daniel Lyons was Director during 
the later phases of the research. 

The research was performed and most of the report preparation completed while 
HumRRO was part of The George Washington University. 

Cooperation and assistance were provided by the U.S. Army Southeastern Signal 
School during the period of research, and their personnel were primarily responsible for 
translating the methods of development into a practical training program that could be 
economically implemented. Mr. Leon Helmly supervised this activity, and was assisted by 
Mr. Peter Fransham in the preparation of the experimental lesson plans. Military per- 
sonnel who provided technical assistance included M/Sgt George Fellmy, SFC Kenneth 
Skinner, Sgt. George W. VanDeventer, Sgt. Vincent Broderick, SFC Raymond E. 
Hovendick, SFC Nathaniel Spotser, SP/4 Joseph T. Douponce, S/Sgt Hobert E. Peters, 
S/Sgt James F. Craig, SFC James B. Stites, and S/Sgt Matthew J. Degutes. Other military 
personnel who helped conduct the testing were under the direct supervision of Mr. 
Robert Thompson, Chief Instructor of the 294.1 Carrier Equipment Repair Course. 

Special acknowledgment is due Mr. Norman B. Carr, Educational Advisor to the 
Commandant, who provided cooperation and assistance in selecting personnel and in 
arranging, coordinating, and marshaling the efforts of the Southeastern Signal School in 
support of this research. 

HumRRO research fa: the Department of the Army is conducted under Contract 
DAHC 19-70-C-0012. Training, Motivation, Leadership Research is conducted under 
Army Project 2Q062107A712. 
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President 
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SUMMARY AND CONCLUSIONS 



OBJECTIVE 

This study was designed to develop and evaluate methods for producing a combina- 
tion of training and job aids (manuals) for maintenance of electronic communication 
equipment that would require less training time than the standard course and manuals. 

APPROACH 

The specific training program subjected to study was that for the MOS 294.1 Carrier 
Equipment Repairman at the U.S. Army Southeastern Signal Corps School, Fort Gordon, 
Georgia. 

The basic rationale of the JOBTRAIN approach is: 

(1) That efficient and effective training can be designed and evaluated only if 
the specific tasks required by the job are identified. 

(2) That the decision-making function is critical to many electronics mainte- 
nance tasks. 

(3) That it is possible to construct job aids and training which will allow the 
repairman to rely primarily on that decision mechanism which human beings perform 
best, that is, identification. 

(4) That it is feasible to separate troubleshooting information into information 
(equipment-specific) best stored in a job aid and information (general) best stored in the 
individual through training. 

The objective was approached through an analysis of existing electronic communica- 
tion equipment. This analysis produced a standard strategy for troubleshooting the 
equipment and the specific information (meter readings and other indications) for 
supporting and executing that strategy. 

The information developed from the equipment analysis was placed in job aids and 
was used to develop content for a training program. The information, produced by expert 
repairmen using the guidelines prescribed in this report, capitalizes on the aptitudes and 
experiences characteristic of the typical repairman. In turn, the amount of abstract 
electronics theory given in the training course can be reduced and more attention can be 
devoted to those theories which facilitate performance. This approach also makes it 
possible to provide more practice on real equipment (using the job aids). 

The method of analysis developed in this project wa^ applied to the 10 items of 
equipment maintained by the 294.1 MOS by experienced MOS 294 repairmen operating 
under the guidance of JOBTRAIN personnel. Job aids and a course of instruction were 
prepared by the same personnel. The course was 420 academic hours, as opposed to the 
standard 856-hour course for the same MOS. The equipment was in use no more hours 
than in the standard course. The JOBTRAIN course was conducted in the main, by the 
same personnel who made the analysis. 

Graduates of the JOBTRAIN course were required to troubleshoot 18 malfunctions 
placed in the various items of equipment during a six-day period. They were also tested 
on their ability to align, remove, replace, name, locate, and make final tests on the 
equipment. In Sub-Unit JOBTRAIN I, a field survey in Europe had indicated that men in 
the field should be able to perform at a certain level on a test of this type in order to 
meet minimum field requirements. 

Graduates of the conventional course, matched to the JOBTRAIN students in 
background and aptitude factors, were tested on the same test at the same time. Testing 



was administered by a special group of school instructors. No judgments on quality of 
student troubleshooting performance were required of the administrators; all trouble- 
shooting was merely recorded as correct or incorrect, depending on whether the student 
correctly identified the malfunctioning part. The other tests of student ability required 
some judgment on the part of administrators but there was not much latitude. 

RESULTS AND CONCLUSIONS 

The results of 22 hours of individual testing during a six -day period showed no 
significant difference between the two groups in any area. It is concluded that the 
combination of JOBTRAIN training and job aids is as effective for the 294.1 MOS as 
conventional school training and manuals and that a 50% reduction in academic hours 
can be achieved by this combination. 
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INTRODUCTION 



There are three major aspects of the Work Unit JOBTRAIN approach to electronics 
maintenance: 

(1) The Field Survey (JOBTRAIN I) 

(2) Functional Context Training 

(3) Job Aids (special manuals) based on Equipment Malfunction Analysis. 

The field survey was used to structure the end-of-course performance test, and did 
not directly affect the training to any significant degree. It provides information for 
making equipment failures in the JOBTRAIN IV performance test like the failures in the 
field, and an estimate of how well a person should perform on the test in order to fulfill 
field performance requirements. 

Functional context training is a way of introducing theoretical knowledge in the 
context of practical troubleshooting— as the knowledge is needed for execution. Func- 
tional context training was developed and used in previous research for the Signal Corps 
and has had varying degrees of influence on electronics courses at both Signal Corps 
schools. This training approach is appropriate for use with conventional content as well as 
the content of the JOBTRAIN course. It is of particular note that the major 

reductions in JOBTRAIN training time are not attributable to this aspect of the 
approach. Implementation of some degree of functional context training, although it has 
some value in its own right, would not constitute implementation of JOBTRAIN. 

Job aids , or special manuals, used in the course are derived from an equipment 
analysis which determines a troubleshooting strategy for the equipment analyzed and 
generates the specific information needed to support that strategy. The strategy and the 
information to support it are incorporated in the special manuals (job aids). It is this 
aspect of the JOBTRAIN concept which accounts for the major reductions in training 
time obtained in the study. This is the result of deleting most of the circuit theory from 
the course which the conventionally trained man is expected to use to generate both his 
own troubleshooting strategy and the specific information to support his strategy. 

The equipment analysis is similar to the analyses developed in other research by 
HumRRO, the National Bureau of Standards, and private industry. All of these concepts 
require changes in technical manuals. The JOBTRAIN IV study represents an experi- 
mental implementation of the approach common to all these concepts. 

This is a report of the type of equipment analysis developed in JOBTRAIN IV, and 
describes the type of functional context training used with the job aids, or special 
manuals. The report also gives the results of tests conducted on graduates of the 
JOBTRAIN IV program and the standard training program for Military Occupational 
Specialty (MOS) 294.1, Carrier Equipment Repairman. 1 



] Now MOS 101-31L20, Radio Relay and Carrier Repair. 



Chapter 1 

WHAT THE ELECTRONICS REPAIRMAN DOES 
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Electronics maintenance repair is characterized by a wealth of job-oriented behaviors, 
most of which can be treated within one of three major classes: (a) mechanical behaviors, 
such as the disassembly and/or assembly of components, the removal and replacement of 
piece parts, and soldering; (b) operator behaviors, such as energizing the system, energizing 
components apart from the system, switching and monitoring; (c) decision-function behav- 
iors upon which each choice of action is based. The selection of a particular test, or a 
decision to replace a particular part are examples of job-oriented behaviors within the third 
classification. 

THE DECISION-MAKING FUNCTION 

Among maintenance behaviors, those relating to the decision function stand out as 
primary contributors to system maintainability. This is true even though the mechanical 
skills necessary to effect a repair, once the malfunctioning piece-part is identified, must 
always be present. For electronic systems, it is usually the diagnosis rather than the part 
replacement that accounts for the largest portion of the system “down time” for which the 
repairman bears responsibility. 

Decision making has both an active and a passive aspect. Information, stored and 
recalled as needed, comprises the passive aspect. Sensing, recognizing, and interpreting 
events comprise the active aspect. Although the active aspect always implies a man, the 
passive need not. Information can be stored separately from the man in job aids such as 
books, charts, tables, and written formulations. 

The information stored inside the man himself is referred to as experience. The forma- 
tion and modification of experience is the province of training. Training must take into 
account the nature and amount of information available in job aids, because this will always 
determine the nature and amount of experience which must be provided. 

Job aids well-mated to experience can simplify training and keep the performer opera- 
ting at a level of complexity where error is not excessive. Job aids and experience that are 
mismatched can make performance very costly in terms of both error rate and the time 
required to train. Because of this effect, a closer examination of the experience and actions 
demanded of the decision maker is in order. 

COMPONENTS OF THE DECISION PROCESS 

In Gagne’s (1) treatment of the relationship between human information processing 
and action, the active aspect of decision making is represented by the sensing, filtering, 
identifying, interpreting, and inventing mechanisms, while the passive aspect is represented 
by the long and short term memory. 

Among the active components, not all mechanisms are performed equally well. In 
general, human beings are very good at sensing and filtering events even though machines 
capable of sensing and filtering some types of events much more finely than human beings 
have been constructed. 

With respect to the identification mechanism, however, man still shines. The brain has 
a high tolerance for input variations within a class. It also has rapid access to comparative 
data whereas a machine programmed to identify has to sort through its entire memory in 




serial order. The machine may also reject or misclassify events that are only slightly 
different. 

When the human interpretation mechanism is utilized, performance costs in terms of 
increased error rate cam be considerable. When required to make interpretations, human 
performers tend to jump to conclusions based on an inadequate number of observations, 
tend to overlook data and possible interpretations even when these are available in the 
long term memory, and tend to make mistakes even when the necessary inferences are 
prescribed by a set of rigidly defined rules. 

The term “inventing” stands for a highly regarded function in our society but, in 
practice, the employment of the inventing mechanism is quite inefficient. To be char- 
acterized within this class, the formulation of rules, approaches, or “short cuts” need 
only be novel with respect to the person concerned. To more sophisticated persons, these 
rules and approaches may be trite or inefficient. In almost every case, the inventing 
function is essentially a trial-and-error process. 

The decision-making process can be illustrated further by examining the way in 
which it is called into play in troubleshooting electronic equipment. For example, at 
some point in the repair process, it may be necessary to examine the output, displayed 
on an oscilloscope, of a small collection of parts. The decision function commences when 
the repairman directs his attention toward or senses the oscilloscope display. Filtering is 
employed when some instruction, such as “ignore the envelope and look for the 
synchronization pulse,” is called from the short term memory. At this point, comparative 
information is extracted from the long term memory in the form of synchronization 
pulse characteristics. Using this comparative information, the sensed and filtered event is 
identified as a good synchronization pulse, or as a distorted or missing pulse. 

The next step in the process requires an interpretation of the event by applying a 
set of rules to the class of events identified. If he has been conventionally trained, and if 
he is using conventional job aids, a set of rules for making an interpretation will not be 
directly available. Instead, the job aid will provide the repairman with a description, in 
the form of a schematic, of the way in which the equipment is constructed. On the basis 
of this information, the repairman must, using his experience, formulate his own set of 
rules for treating the event he has identified. 

Note that the traditionally trained repairman must, in effect, reconstitute circuits in 
his mind, working backward from the symptom he identified to the altered circuit 
characteristic that could result in this symptom. This is human functioning of the highest 
order and is equivalent to, in some cases, the inventing mechanism originally required to 
design the circuit. It is also expensive, since training time as well as error rates become 
excessive when the more complex decision-making mechanisms are the rule. 

Human beings perform the identification mechanism well. If job aids and training 
could be so constructed that the greatest burden of decision making during trouble- 
shooting falls on the identification mechanism rather than upon the interpretation and 
inventing mechanisms, it seems reasonable to expect that training efficiency and effective- 
ness could be enhanced. An investigation of this possibility represents the part of the 
problem studied in JOBTRAIN research. 

The behavior of repairmen in the field suggests that the identification mechanism is 
being employed on a more or less haphazard basis. An experienced maintenance super- 
visor, when assisting a novice, is likely to provide cues to the type of information he 
himsel f uses to solve troubleshooting problems. He tends to say things like, “Didn’t you 
notice that the alarm unit is not functioning properly?” or “Didn’t you notice that the 
manual regulator control has no effect?” Apparently he has learned, over the years, to 
recognize certain “diagnostic” consequences that are characteristically associated with 
certain classes of failure. This may be how repairmen have improved their performance as 
they gained experience on the job. Perhaps they have been reprogramming their long 
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term memories with an array of symptom-part relationships, and are then choosing the 
part to be investigated through the application of the identification mechanism. 

The experienced technician, once a defect has been repaired, can always produce a 
theoretical rationale to suit the situation. The multiplicity of competing analyses (often 
defended at great length and with a good deal of heat) produced by three or four 
technicians who are jointly considering an as-yet-unsolved problem suggests that the 
solution may lead to the rationale rather than vice versa. 

WHERE TROUBLESHOOTING INFORMATION SHOULD BE STORED 

In electronic systems, the task of spelling out and inserting into a job aid a specific 
solution for each contingency would expand geometrically as each choice point was 
examined, proceeding from the over-all system down to the specific piece-part. The 
tremendous cost of job aid storage for this amount of information would include the 
increased error rate that undoubtedly would result from the difficulty of navigating such an 
elaborate and voluminous job aid. 

Fortunately, it is possible to separate information about electronic failures into that 
which is true of only one equipment or subequipment and that which is true of any 
equipment. This makes a very convenient basis for dividing the information to be stored. 
Thus, job aids might be used to store items such as: 

For system B, if the scope tracing is distorted and the amplitude level is low even 
though the system alarm lamp does not light, part X or Y or ... Z may be at fault. 

Long term memory storage, on the other hand, might be used for items such as: 

For any amplifier at all, if it has no output, check the B+ parts, coupling capacitor, 
etc; whereas, if it puts out a distorted wave shape check the grid leak, cathode 
resistor, etc; whereas, if it has low amplitude . . . etc. 

The job aid need not reveal how System B functions, nor is the long term memory 
concerned with how amplifiers function. Each deals, respectively, with the ways in which 
System B does not function or the ways in which amplifiers do not function. 

Job aids that reduce job complexity often meet with a great deal of resistance from 
practitioners schooled in older techniques. The motivation underlying resistance seems to lie 
in the notion that a job aid de-values the contribution of the human being. 

In the case of electronics maintenance, even the engineer who has designed a circuit 
will refer to schematics and notes in addition to technical source books when trouble- 
shooting that circuit (unless the circuit is small and simple, in which case troubleshooting is 
not much of a problem). The aim of job simplification through the use of job aids is not to 
reduce the man to the status of an automaton. The repairman can and should be taught 
highly theoretical material if this material will help him recognize general classes of part 
failure. 

SUMMARY OF RATIONALE 

The rationale of this study is: 

(1) That efficient and effective training can be designed and evaluated only if the 
specific tasks required by the job are identified. 

(2) That the decision-making function is critical to many electronics mainte- 
nance tasks. 

(3) That it is possible to construct job aids and training which will support the 
repairman in that decision mechanism which human beings perform best, that 
is,, identification. 

(4) That it is feasible to separate troubleshooting information into information 
(equipment-specific) best stored in a job aid and information (general) best 
stored in the individual through training. 



Chapter 2 

THE CONSEQUENCES OF MALFUNCTION 

ANALYSIS OF FAILURE EFFECTS 

In Work Unit JOBTRAIN a method of analyzing existing items of electronic 
communication equipment was developed. When applied by appropriate personnel 
(experienced 294.1 technicians were used in the research), this method produces a 
troubleshooting strategy for the analyzed equipment and the specific information (e.g., 
indications, voltage readings) to support the strategy. This strategy and the specific 
information are placed in a job aid (manual) to guide the maintenance man on the job. 
The man on the job does not “invent” strategies or reconstitute circuits in his mind, but 
follows the guidance already worked out by experts. His job involves more recognition, 
filtering, sensing, and especially identifying, rather than interpreting and inventing. 

The JOBTRAIN analysis requires the consideration of certain effects of failed parts. 
The effects which are considered are those that (a) produce a discriminable effect without 
special test equipment (e.g., failure of a buzzer to sound), and (b) changes at built-in 
checkpoints in the equipment. Senior electronics maintenance men, who are familiar with 
the subject equipment, must consider each piece part in turn and record the effects that 
the part produces when it fails (shorts or opens). 

A matrix can be formed with the piece parts on one dimension and the effects 
produced on the others. 2 Some effects will be produced by any one of 100 parts, others 
by 50 parts, still others by fewer parts. The objective of the collation is first to select 
main effects which divide the equipment into mutually exclusive major groups of parts 
and, second, to find effects which subdivide these groups., Judgment is required in 
deciding which effects to use. There will be redundancy, in the sense that there will be 
an overlap in the parts that produce the two effects. 

When the process is completed a network of effects is produced. The effects are 
then collated and organized in a hierarchy. The hierarchy of failure-effect relations is 
shown in Figure 1. 



SYMPTOM PATTERNS 

The symptoms illustrated in the example have been organized into non-redundant 
pattern groupings. Total configurations (with certain symptoms present or absent) can be 
just as diagnostic as a completely new symptom. 

The symptom “low B+,” for example, might very easily group with “60 cycle hum.” 
If the equipment has both a meter to indicate B+ level, and an audio output, these two 
symptoms can be obtained almost simultaneously. It is possible that these two symptoms 
can divide suspect piece parts into not two but three separate collections. One collection 
might give rise to “l.ow B+. ’-Another collection might have satisfactory B+ but_“60_ cycle 
hum.” The third class would be those parts resulting in both “low B+” and “60 cycle 

2 See Appendix A, Generating a Failure Effect Analysis, and Appendices B and C for a full 
description of how to turn the failure effect analysis into a checkout procedure. 



